Aims-To examine the clinical and biological features of acute lymphoblastic leukaemia in children with Down's syndrome (DS), to compare their survival with other children, and to determine if entry to trials and survival has improved. Methods-Examination of presenting features and response to treatment in patients treated in two consecutive national trials, MRC UKALL X and XI. Results-The proportion of children with DS was significantly higher in UKALL XI (1.9%) than UKALL X (0.9%). Children with DS tended to be under 10 years and to have the common ALL subtype. Cytogenetic analysis showed that favourable features, such as high hyperdiploidy and t(12;21) were less frequent but also that there was a lack of translocations associated with a poor prognosis. Children with DS showed no increase in risk of relapse at any site but their survival and event free survival were inferior to other children. These results were caused by an increased number of infective deaths during remission (11% compared to 2%). At five years overall survival was 73% in DS children compared with 82% in other children; event free survival was 53% compared to 63% in non-DS children. Conclusions-Entry of children with DS to national trials has increased and survival has improved. However they remain at risk of relapse and also of treatment related mortality. These findings emphasise the need for both intensive chemotherapy and optimal supportive care. (Arch Dis Child 2001;85:321-325) 
Children with Down's syndrome (DS) are at increased risk of both acute lymphoblastic leukaemia (ALL) and acute myeloid leukaemia (AML). 1 In 1990 a review of the outcome for all children with DS and ALL who were diagnosed in the UK between 1971 and 1986 found that they often received non-standard treatment and had a significantly worse prognosis than other children. 2 We have now examined the clinical features and outcome for those children with DS and ALL diagnosed between 1985 and 1997 and treated on Medical Research Council ALL trials to determine whether their outlook, like those for children with DS and AML, 3 4 has improved.
Patients and methods
We have analysed the outcome for children with DS and ALL who were treated on two consecutive UK protocols (MRC UKALL X and XI) between 1985 and 1997 and compared their clinical features and outcome with children without DS (non-DS). Details of the two protocols have already been published; table 1 outlines the main features of both. Patients in UKALL X (1985-90) 5 all received daunorubicin as well as prednisolone, vincristine, and asparaginase during induction therapy and were randomised to receive no, one, or two blocks of intensification therapy. All children received CNS directed treatment with cranial irradiation and a course of intrathecal methotrexate.
UKALL XI (1990-97) 6 originally included randomisation in respect of one versus two intensification blocks, but was modified in 1991 so that all patients received two blocks. Further modification was introduced in 1992 (XI 92), with the omission of daunorubicin in induction and the introduction of randomisation in respect of a third prolonged intensification block. 7 Children in UKALL XI and XI92 with an initial leucocyte count of less than 50 × 10 9 /l were randomly assigned to receive a course of intrathecal methotrexate injections and then regular intrathecal methotrexate therapy throughout treatment or additional high dose intravenous methotrexate, while those with a higher count were randomised to cranial irradiation and a course of intrathecal methotrexate or high dose intravenous methotrexate and continuing intrathecal methotrexate.
Immunophenotyping of the leukaemia was performed locally, with a recommended panel of monoclonal antibodies and central review of the results. 8 The leukaemias were classified as early pre-B (CD 10 negative), common/pre-B, and T-ALL. Cytogenetics were also performed locally and in UKALL X the results were reviewed by a reference panel, 9 whereas in UKALL XI all results were reviewed at the Leukaemia Research Fund Database. 10 DiVerences in clinical features, cytogenetics, and remission rate between DS and non-DS patients were analysed using Fisher's exact test (in 2×2 tables). The Mantel-Haenszel test was used to determine trend in age and leucocyte count at presentation. Kaplan-Meier life tables were constructed for survival data and were compared by means of the log rank test 11 with surviving patients being censored on 31 October 2000 (UKALL XI) or 31 October 1998 (UKALL X), when follow up was complete for the vast majority of patients. The small number of patients lost to follow up are censored at the date they were last known to be alive.
Results

CLINICAL FEATURES
Information about the presence of DS was available for 3651 (98.6%) of the 3702 patients entered into the trials and all comparative analysis has been confined to these patients. There were 55 children with DS in the two trials, significantly more in UKALL XI with 40 (1.9%) of the 2057 entrants than in UKALL X with 15 (0.9%) of 1594 children (p = 0.01).
Further confirmation of this improved entry was obtained by analysis of children with leukaemia notified to the Childhood Cancer Research Group during the time of these two trials. Between 1985 and 1990, 39% (14/36) of children with DS and ALL were entered on the UKALL trials while in 1991-96, 74% (39/56) were entered-a substantial and statistically significant diVerence (p < 0.01) (unpublished data from the National Registry of childhood tumours). Table 2 shows the clinical features and immunophenotype at presentation of children with and without DS. There is no significant diVerence in the proportion of males and females, or the distribution of leucocyte counts at presentation. The majority of children with DS were in the 2-9 year age group; there were no infants under 1 year with DS and only two aged 10 years or more.
Examination of immunophenotype showed that all children with DS had the common or pre-B (CD10/CD 19 positive) phenotypethere were no cases of T or early pre-B (CD 10 negative/CD19 positive) ALL. Table 3 shows the results of cytogenetics. Significantly fewer children with DS had high hyperdiploid ALL (>50 chromosomes). A number of the most common specific cytogenetic abnormalities such as t(9;22), t(4;11), and t(1; 19) were not found in the DS group. The results of analysis for TEL/AML1, the most common genetic abnormality in acute lymphoblastic leukaemia, were only available in 652 patients with known DS status, and the abnormality was found in only one of the 16 DS children tested and in 20% of the non-DS children.
RESPONSE TO TREATMENT Table 4 compares the absolute number of events (relapses and deaths) in children with and without DS and the incidence of these events at five years. At the time of follow up, 49% of children with DS had suVered adverse events and 38% had died. One child with DS died from E coli septicaemia during induction therapy (a UKALL X patient). Six children died in remission, one shortly after induction with typhlitis. Four deaths were associated with intensification therapy and two of these were caused by candida infection. One patient had combined pneumocystis and candida infection. The proportion of remission deaths was significantly higher in children with DS than the others (p < 0.001) but there were no significant diVerences in overall relapses, isolated or combined CNS relapses, or isolated and combined marrow relapses between children with and without DS. Fifteen children with DS were randomised on UKALL XI to receive three intravenous methotrexate infusions. Thirteen received all three courses of methotrexate, nine without any complications. Two children developed minor infections between the second and third courses: one developed perianal blistering after the third course, and one developed neutropenia and E coli sepsis after the third course. Two children only received two methotrexate infusions, one having a transient encephalopathy and one a transitory right hemiparesis and dysphasia seven days after the second infusion.
The event free survival (EFS) for DS children is non-significantly inferior to that of non-DS children (2p = 0.1, fig 1) . The EFS (95% confidence interval) for children with DS is 53% (39-66%) at five years compared with 63% (61-65%) for all the others. Only a small number of children with DS have been followed up beyond that time, but one late marrow relapse has been observed at over eight years from diagnosis. There have been seven relapses after eight years in the non-DS group (three isolated marrow, one combined marrow and testis, one combined marrow and CNS, one CNS, and one isolated testicular relapse); two patients died in remission, one from a second malignancy (primitive neuroectodermal tumour) and one from late complications of high dose therapy and bone marrow transplantation. Figure 2 shows overall survival for the two groups, with DS children having a poorer prognosis (2p = 0.007). At five years survival is 73% (61-84%) in children with DS and 82% (81-83%) for the other children.
Formal tests of whether the gap in outcome between DS and non-DS children is diVerent in UKALL X compared with UKALL XI were marginally significant (p = 0.02 for EFS; p = 0.03 for overall survival). In UKALL X DS children have a significantly worse prognosis than non-DS children for both event free (p = 0.01) and overall survival (p < 0.001). However, in UKALL XI outcome for DS children is improved and the event free and overall survival diVerences between DS and non-DS group.bmj.com on January 27, 2018 -Published by http://adc.bmj.com/ Downloaded from children are much smaller and non-significant (p = 0.8 and p = 0.1 respectively). The relative improvement in outcome for DS children appears to be caused by a reduction in the risk of both death in remission and bone marrow relapse (especially isolated marrow relapse). In UKALL X, three (21%) DS children died in remission and five (36%) had an isolated bone marrow relapse; in the later UKALL XI trial these figures were three (8%) and five (13%) respectively.
Discussion
These results confirm the typical clinical and biological features of ALL in association with DS and show that the results of treatment have improved, although problems with management remain.
Our previous study 2 of DS and ALL examined the survival of children registered with the Childhood Cancer Research Group from 1971 to 1986. Twenty four of the 61 patients either received no therapy or minimal treatment. The remainder were treated with standard protocols, but with many modifications. The five year survival was 28% (95% CI 14.2-42.6%) overall; no child in the minimally treated group survived in remission while 24% of the others remained in first remission at a follow up of two to nine years.
The present study is based on children who have been entered into national trials and shows that relatively more children with DS have been entered into the more recent UKALL XI trial. The proportion of children with DS in this trial (1.9%) is now comparable with that reported in other series. [12] [13] [14] This finding suggests that there has been increased acceptance in the UK of the need for standardised treatment in children with DS and ALL, as for those with AML. Nevertheless data from the Childhood Cancer Research Group show that one quarter of children are still not entered into trials-the comparable figure for other children is 10-15%.
We observed a significant diVerence in the age distribution of patients with and without DS. Few DS children presented over 10 years of age, a finding confirmed by population based studies.
1 No child with DS was under 1 year at diagnosis; none had early pre-B ALL or leukaemia in association with the t(4;11). This is not a reflection of bias in ascertainment as infants under 1 year were eligible for treatment on UKALL X and no children with DS and ALL have been entered into the MRC infant protocol, which was open to entry during the time of UKALL XI. The infrequency of ALL under 1 year of age, and the lack of early pre-B ALL has been noted in other series of patients.
14 No children with DS in the present series had T-ALL, thus confirming our previous observation, 2 and that of others 15 that ALL in children with DS is almost exclusively a disease of pre-B cells.
Information about cytogenetics was available in 39 of the DS patients. The main significant finding, as reported by others 14 15 was that fewer children with DS had high hyperdiploid ALL. In this small series of patients there were no cases of the more common non-random translocations, t(9;22), t(1;19), and t(4;11), although other common abnormalities such as abnormal 9p and 12p were observed. Absence of the more common translocations was noted in a combined series of children with DS from St Jude Children's Hospital and the Paediatric Oncology Group. 15 Abnormalities of chromosome 21 are commonly found in the leukaemic cells of children with ALL. Indeed the most common cytogenetic finding in paediatric ALL is the cryptic t(12;21) involving the TEL gene on chromosome 12p13 and the AML1 gene on chromosome 21q22. This translocation has been found in 16-36% of cases of paediatric ALL 16 and in some reports it is associated with a favourable response to treatment. The t(12;21) was found in 20% of 637 non-DS samples tested but in only one of the 16 with DS. This low incidence concords with the results of a small retrospective study by Lanza and colleagues 17 where none of a series of 11 patients with DS and ALL had the rearrangement. These findings suggest that, despite the fact that the AML1 gene is involved in the critical DS region of chromosome 21, 18 alternative mechanisms may be involved in the development of leukaemia.
Children with DS and ALL tend to lack both favourable and adverse prognostic factors and it appears that their risk of relapse is similar to that of others. A large early study from the American Children's Cancer Group 12 found that children with DS had a lower induction rate but similar disease free survival to other children. A report from the Paediatric Oncology Group evaluated outcome according to treatment intensity and found no diVerence in outcome between DS and non-DS children among more intensively treated patients. 13 A more recent publication combined data from this group with that from St Jude Children's research hospital and failure in DS was largely caused by treatment related toxicity. 15 Modifications of treatment were made in 43% of children with DS and ALL treated by the Berlin-Frankfurt-Munster group; these children had a worse event free survival than those without treatment modifications. 14 Our results show that both event free survival and overall survival for children with DS have improved in comparison with the previous survey from the UK. The five year survival of 28% (95% CI 14-43%) observed in the previous study has improved to 73% (61-84%), but remains inferior to that of other children. Event free survival was also inferior although not significantly so, and the pattern of relapses was similar in DS and non-DS patients. The diVerence in outcome in our population was mainly caused by remission deaths rather than relapse at any site and although there has been an overall reduction in the numbers of deaths in remission in the most recent UKALL XI trial, the rate in DS children is still higher than in non-DS children.
Children with DS are known to be vulnerable to infection and when treated for ALL show unusual sensitivity to methotrexate. 19 We have not formally compared the toxicity experienced by the DS children in UKALL XI with the non-DS group but the majority of patients experienced no undue toxicity during high dose methotrexate, perhaps because of the schedule and rigid instructions for folinic acid rescue.
A more detailed analysis of mortality in UKALL X 20 and UKALL XI 21 has confirmed that DS is significantly associated with risk of infective deaths, particularly during intensification after remission induction. It is notable that three of the deaths in the DS children were associated with candida infection. The balance between giving suYciently intensive treatment and avoiding excess morbidity and mortality is a diYcult one. Our results and those of others emphasise the need for careful supervision of these children during treatment, prompt management of suspected infection, and early instigation of antifungal therapy. EVorts should be made to minimise modifications of therapy, as the major risk of treatment failure now, as in previous protocols, remains leukaemic relapse. 
